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Editorial Comment
Myocardial Ischemia Versus Scar
in Exercise-Induced Left
Ventricular Dysfunction*
J. VANNOY FARIS , MD, FACC
Indianapolis. Indiana
The determination of specific etiologic mechanisms for ex-
erci se-induced left ventricular dysfunction in patients with
coronary artery disease is becoming more clinically impor-
tant with the advent of new therapeutic advances such as
coronary angioplasty. Such dysfunction is frequently man-
ifested by increases in left ventricular end-diastolic pressure
and volume as well as end-systolic volume , yielding a flat
or declining exercise ejection fraction (I) . Although the
occurrence of exercise-induced left ventricular dysfunction
has been correlated with the presence, severity and prog-
nosis of coronary artery disease (2,3) , this finding has car -
ried little additional weight in the therapeutic decision for
or against surgical coronary revascularization . Until re-
cently , this decision was most often based 0[1 clinical and
angiographic data after a trial of medical management that
had inadequately controlled symptoms and failed to suffi-
ciently restore the patient 's functional status .
Role of ischemia versus myocardial scar in producing
exercise-induced left ventricular dysfunction. After myo-
cardial infarction, left ventricular function is related to the
amount of residual viable, functional myocardium, in both
the acute and chronic stages (4,5). The presence or absence
of residual coronary stenoses serving other vascular terri-
torie s and residual viable myocardium perfused by the coro -
nary artery responsible for the acute infarction now has
added importance in therapeutic decision making. Early ex-
erci se testing after acute infarction with electrocardiographic
assessment and often other noninvasive testing has become
commonplace in the attempt to define " high risk" subsets
for more aggressive medical and interventional manage-
ment. The recent advent of percutaneous transluminal coro-
nary angioplasty to relieve critical coronary stenoses and
occasionally reopen totally occluded vessels provides the
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opportunity to intervene in exercise-induced ischemia. In
the setting of acute myocardial infarction, angioplasty could
potentially reduce infarct size and prevent residual peri-
infarction ischemia (6). Angioplasty also allows one to spe-
cifically address significant area s of exercise-induced myo-
cardial ischemia in patients who are not candidates for sur-
gical revas cularization . Therefore , the detection and
quantitation of ischemic myocardium at rest or with exercise
and the asse ssment of its role in producing left ventricular
dysfunction become more important noninvasive determi-
nations .
The study by Mann et al. (7) in this issue of the Journal
suggests that exercise-induced increases in left ventricular
end-diastolic volume are more highly related to the extent
of myocardial scar than to the presence of exercise-induced
myocardial ischemia. If, in fact , preexistent myocardial scar
is the most important determinant of exercise-induced left
ventricular dysfunction, this would support recent aggres-
sive interventional treatment strategies for acute myocardial
infarction aiming to reduce the ultimate extent of myocardial
scar formation. Exerci se-induced myocardial ischemia in
the stable, late postinfarction period would then merit ag-
gressive intervention only if it was responsible for medically
refractory angina or thought to be etiologically related to
life-threatening ventricular arrh ythmias . .
Methodologic problems in detecting exercise-induced
ischemia. The noninvasive detection of exercise-induced
myocardial ischemia involves assessment of myocardial wall
motion, radionuclide myocardial perfusion distribution or
surface electrocardiographic ST segment deviation. All share
some accepted limitations in sensitivity and specificity, par-
ticularly in heterogeneous patient groups. Stress echocar-
diographic wall motion analysis during or after exercise has
been shown to detect ischemic myocardial segments with a
sensitivity and specificity equivalent to those of thallium-
201 imaging (8; Vasey GG , West SR. Armstrong WF , et
al. unpubli shed observations). Stres s echocardiography can
provide left ventricular end-diastolic /end -systolic cavity di-
mensions asses sing . thereby, one additional variable of left
ventri cular function by detecting acute exercise-induced left
ventricular dilation. Surface exercise ST segment analy sis
also has a lack of sensitivity and specificity and its per-
formance is poorer in detecting smaller, as compared with
larger, areas of myocardial ischemia (9, 10). Stress thallium-
20 I scintigraphy also has limitations in sensitivity and spec-
ificity and results in a number of false negative studies.
The se presumably arise becau se of the limited size of area s
of exercise-induced ischemia. Other suggested causes of
false negative exercise scintigrams include the use of visual
analysis alone (qualitative) without quantitative analy sis
( 11-13), failure to achieve an adequate exercise end point
to produce ischemia, true absence of ischemia at maximal
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work loads in patients with angiographic evidence of ste-
nosis and observer interpretation error.
Role of ischemia in left ventricular dysfunction. Myo-
cardium subjected to reductions in perfusion that are suf-
ficiently great to result in ischemia quite rapidly shows fail-
ure of thickening and becomes either immobile or moves
paradoxically. In the clinical setting, this has been well
described using noninvasive techniques, particularly echo-
cardiography, both during studies performed in the early
phases of acute myocardial infarction (14) and in exercise
studies of patients in stable condition with and without prior
myocardial infarction (Vasey CG, West SR, Armstrong WF,
et aI., unpublished observations). Significant and marked
left ventricular dilation during exercise was noted by Rerych
(1) and Upton (15) and their coworkers in patients with no
prior myocardial infarction. In the latter studies, patients
with the more extensive multivessel disease sometimes show
global hypokinesia and left ventricular dilation which re-
verses at variable rates in the exercise recovery period.
Exercise-induced hemodynamic changes suggesting isch-
emia have also been shown in patients with and without
prior infarction when the patients experienced no angina
pectoris during exercise (15,16). This suggests that angina
is not a prerequisite for hemodynamically significant isch-
emia during exertion. Conceptually, one could postulate a
reciprocal relation between myocardial scar and the area of
myocardial ischemia in their detrimental effect on left ven-
tricular function. For example, consider a patient with a
relatively large area of preexistent myocardial scar. The
occurrence of exercise-induced ischemia in a relativelysmaller
area of remaining viable myocardium, already contributing
obligatorily to a greater extent in global left ventricular
function, could result in a proportionately greater alteration
in exercise left ventricular volumes.
Mann et al. (7) used only visual (qualitative) methods to
determine the presence or absence of exercise-induced isch-
emia. Failure to detect small areas of ischemia during ex-
ercise could understate the importance of ischemia as a
factor in exercise-induced increases in left ventricular end-
diastolic volumes. The authors' scientifically appropriate
decision to exclude analysis of regional wall motion changes
in the gated exercise ventriculograms because of poor in-
terobserver agreement further reduces the number of mea-
surable variables capable of detecting exercise-induced isch-
emia. Admittedly, the gated nuclear ventriculogram is
relatively less sensitive in detecting small areas of regional
wall motion abnormality and, therefore, would not have
been of maximal utility for investigating the role of ischemia
in exercise-induced left ventricular dysfunction in this pa-
tient group (17).
Exercise-induced thallium-201 defects judged "fixed"
or persistent on the 3 to 4 hour redistribution study may
represent areas of more severe ischemia rather than myo-
cardial scar (18,19). Similar observations have been made
using thallium-20l imaging after radionuclide injection at
rest and then with delayed redistribution imaging (20). Re-
cent investigations (21) using metabolic radiotracers such
as 18F-labeled fluorodeoxyglucose and positron emission
transaxial tomography in patients with akinetic areas of
myocardium and "fixed" thallium defects have shown some
of these areas to have continued metabolic activity.
Thallium-201 stress myocardial scintigraphy in patients
with remote myocardial infarction is commonly requested
for assessment of residual or recurrent chest pain syndromes
or for functional and prognostic evaluation. Using quali-
tative techniques to evaluate thallium-201 distribution (12),
most postinfarction patients in our laboratory have some
reversibility of their stress-induced perfusion defects ("mixed
lesions"). Theoretically, subendocardial or non-Q wave in-
farctions would still have some viable myocardial elements,
particularly in the epicardium, that would be subject to
stress-induced myocardial ischemia and that could be de-
tected by thallium-20 I scintigraphy. It is of interest that in
the study by Mann et al. (7) the two groups with the more
abnormal exercise left ventricular function contained all the
patients with a non-Q wave myocardial infarction.
Further studies warranted. Given the technical limi-
tations in detecting smaller areas of ischemia and the current
feasibility of multiple interventions (medical, surgical and
angioplasty), it seems premature to dismiss ischemia as
relatively less important in exercise-induced left ventricular
dysfunction when there is preexistent myocardial scar. The
current clinical and investigative interest in asymptomatic
myocardial ischemia and its importance in patients with
ischemic heart disease are additional reasons to diligently
detect and evaluate patients for myocardial ischemia. The
observations of Mann et al. (7) do suggest an important role
for myocardial scar in exercise-induced left ventricular dys-
function and point out the need for further investigations in
these patients to aid in determining the most appropriate
therapeutic strategies.
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